イネとミヤコグサの根の水分屈性制御機構の比較解析 by NAKAJIMA YUSUKE
Comparative study of the regulatory mechanisms
for hydrotropism in rice and lotus roots
著者 NAKAJIMA YUSUKE
学位授与機関 Tohoku University
学位授与番号 11301甲第17680号
URL http://hdl.handle.net/10097/00121291
博士論文（要約） 
 
Comparative study of the regulatory 
mechanisms for hydrotropism in  
rice and Lotus roots 
（イネとミヤコグサの根の水分屈性制御機構の 
比較解析） 
 
 
 
 
平成 29年度 
東北大学大学院生命科学研究科 
生態システム生命科学専攻 
中島佑介 
 
 
 
 
 
 
Plant roots exhibit tropisms such as hydrotropism and gravitropism and thereby avoid environmental stresses in 
their terrestrial life. It has been shown that a plant hormone, auxin, plays an important role in gravitropism. In 
gravistimulated roots, auxin transport changes so that more auxin accumulates in the lower side of the horizontally 
reoriented roots. It has been shown that columella cells in the root cap perceive gravity, which causes a change in 
auxin transport and asymmetric auxin distribution. Following graviperception in Arabidopsis roots, for instance, 
PIN3/PIN7 efflux carriers localized in columella cells play an important role in transporting auxin to the lower 
side of the gravistimulated roots. This redistribution of auxin causes differential growth of the roots and their 
downward bending; namely, relative extension growth becomes less in the lower side than in the upper side of the 
elongation zone. The involvement of auxin in root gravitropism in this manner is considered to be mutual among 
plant species. In root hydrotropism, however, it has been suggested that the dependency on auxin transport differs 
among plant species. For example, application of inhibitors of auxin efflux and influx reduces hydrotropic response 
in cucumber roots but not in Arabidopsis roots. In contrast, these chemicals are inhibitory to gravitropism in roots 
of both plant species.  
To extend our knowledge on differences in the regulatory mechanisms of root hydrotropism among 
plant species and to understand how auxin regulates root hydrotropism, this study focused on Oryza sativa (rice; 
monocots) and Lotus japonicus (Lotus; dicots), because these plants are useful for molecular dissection of 
hydrotropism as model plants and for the application of hydrotropism to agricultural purpose. In this study, I 
investigated the effects of various inhibitors of auxin efflux, auxin influx, auxin response, and auxin biosynthesis 
on hydrotropic responses, and compared them with the effects of those inhibitors on gravitropism in rice and Lotus 
roots. Also, I analyzed the role of the root cap in hydrotropism of the two plant species, with a special emphasis 
on auxin regulation of hydrotropism. 
Auxin transport in plants is composed of its cell-to-cell influx and efflux. 3-Chloro-4-
hydroxyphenylacetic acid (CHPAA) and 2,3,5-triiodobenzonic acid (TIBA) are known to inhibit the activities of 
auxin influx carrier AUX1 and auxin efflux carrier PINs, respectively. It has been shown that p-chlorophenoxy 
isobutyric acid (PCIB) inhibits auxin-inducible degradation of Aux/IAAs that are negative regulators of auxin 
inducible gene expression and are degraded by binding of auxin to TIR1/AFBs. In the biosynthesis pathway of 
auxin, indole-3-acetic acid (IAA), TAA1/TAR catalyzes a step from tryptophan to indole-3-pyruvuc acid. L-
kynurenine (Kyn) inhibits IAA biosynthesis by blocking the TAA1/TAR activity. When rice roots were treated 
with CHPAA, TIBA, PCIB, and Kyn, their hydrotropic response was significantly reduced in all of these 
treatments. Rice roots treated with these inhibitors reduced their gravitropic response as well. Thus, rice roots 
require auxin transport, auxin action and auxin biosynthesis for the induction of both hydrotropism and 
gravitropism. On the other hand, these chemicals, except for Kyn, did not reduce the hydrotropic response of Lotus 
roots. All of these chemicals inhibited gravitropism of Lotus roots. These results suggest that neither auxin 
transporters (AUX1, PINs) nor auxin receptor (TIR1/AFBs) are involved in the regulation of hydrotropism of 
Lotus roots. Because auxin binding proteins other than TIR1/AFBs have been reported, and because hydrotropism 
is inhibited by Kyn but not by PCIB, it is likely that hydrotropism of Lotus roots is mediated by an auxin-signalling 
mechanism other than TIR1/AFBs pathway. 
Next, I surgically removed the root cap to examine the role of the root cap in the regulation of auxin 
transport for hydrotropism in rice. The removal of the root cap (the final 0.2 mm root tip) resulted in the reduction 
of gravitropism in rice roots, and placement of an IAA-containing agar block to the cut surface failed in recovering 
gravitropic bending. On the other hand, removal of the root cap did not decrease root hydrotropism in rice. In rice, 
furthermore, I removed more than 0.2 mm from the root cap and examined whether the de-tipping affects the 
hydrotropic response or not. The results showed that removal of more than 0.7 mm from the root tip substantially 
reduced root hydrotropism, and the reduction was not rescued by IAA application to the cut surface. These results 
suggest that the requirement of auxin transport for hydrotropism in rice roots is independent of the root-cap-
mediated one responsible for gravitropic response. In addition, the results suggest that root cap does not play a 
role in sensing moisture gradients. 
In conclusion, the results of this study demonstrated that the mode of auxin involvement in 
hydrotropism differs depending on plant species. In rice roots, auxin transport is essentially required for the 
induction of hydrotropism, and the root cap may not be required for the bending response. However, Lotus roots 
possess a novel regulatory mechanism, independent of auxin transport and TIR1/AFBs pathway, for hydrotropic 
response. 
